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Article history: Among the major issues faced by the visually impaired people is the inability 
to read, and this is could be addressed by learning braille. However the 
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identify hijaiyah letters from a specially developed Arabic braille module. 
This module consists of six miniature solenoids that are wirelessly controlled 
Keywords: via a Bluetooth and an Arduino Uno microcontroller. Five different hijaiyah 
letters were provided to the participants and were randomly repeated for 


Arabic braille three times. The participants were required to touch the Arabic braille 
Hijaiyah letters module and state the hijaiyah letters that were displayed. With priori 
Self-learn knowledge and initial familiarization of the braille patterns, 72.9% of the 
Visually impaired trials showed accuracy between the braille display and the stated hijaiyah 
letters. 20% of the participants have the highest repeatability responses of 
80%. The outcome of this work showed the optimistic capability of the 
wirelessly controlled Arabic braille display to assist visually impaired 
individual to read hijatyah braille letters and ultimately promotes 

independence in learning. 
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1, INTRODUCTION 

According the World Health Organization (WHO) report in October 2018, approximately 1.3 billion 
of world’s populations live with some form of vision impairment [1]. With regards to distance vision, 405.5 
million people have mild to severe vision impairment (visual acuity worse than 6/60), and 36 million people 
are blind (visual acuity worse than 3/60) [2]. 

Unfortunately, approximately 20% of vision impairment globally is considered unavoidable. 
Thus vision rehabilitation is sought after in improving the quality of life of people with irreversible vision 
impairment [3]. Various vision aid ranging from mobility aids [4, 5] to reading aids via ‘text-to-speech’ 
technology [6], are widely available in the market and have proven its usefulness. However, total dependency 
on audio technologies for reading, lead to a high illiteracy rate amongst people with visual disabilities. 
Works by Fields revealed that by reading, or learning to read, the structural changes in human brain tissues 
evolves, which suggests higher brain development for people who are literate [7]. 

A way to address this illiteracy is by encouraging the visually impaired people to read and write 
using their tactile senses. Visually impaired person are able to detect tactile information faster than people 
with normal vision [8]. Furthermore, people are able to distinguish the different roughness of a material with 
5 um particles and 9 um particles just by sliding their fingertips on any material [9]. Thus a visually impaired 
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person can ‘read’ by using braille system, which consists of six raised dots arranged in 3-by-2 matrix that has 
a maximum combination of 64 patterns including alphabets, numbers and special characters [10, 11]. 

The fabrication cost of a ‘book’ with braille characters are however, considerably costly. An Al- 
Quran braille, for example, may cost more than MYR 400 per copy, which is quite a burden for the visually 
impaired person to own one [12]. Recent advances have provided braille users with refreshable braille 
displays that enable users to reuse the braille system as different reading materials. A ‘Tactobook’ by 
Velazquez, for example, demonstrates the capability of a piezoelectric tactile terminal for braille readers by 
translating electronic books to braille code and reproduce them in portable electronic braille terminal using 
the piezoelectric braille cells [13, 14]. 

Learning and teaching braille could pose a big challenge for a developing country as methods and 
resources are limited and might be very costly and resulting in low literacy rate among the visually impaired 
people [15]. The conventional system of teaching braille required a large number of skilled tutor to perform 
one-to-one, tutor-student and demanded a significant amount of time to learn braille [16]. Eventhough the 
teaching process is aided by a tool called ‘brailler’, most of the braillers available in market are only catered 
for languages that utilize Roman characters. Hence, learning other braille code languages with different 
alphabets system are challenging for the visually impaired people particularly [17, 18]. For instance, 
the official language of Malaysia, Bahasa Malaysia, can be written in Roman alphabets (also commonly 
known as ‘Rumi’) as well as in Hijatyah letters (commonly known as ‘Jawi’). In this project, a new 
refreshable braille display was developed to facilitate the teaching and learning of the Hijaiyah letters 
(or Arabic letters) that could specifically facilitate Malaysian users to read ‘Jawi’ braille codes. 

Various researches have been conducted to expose hiaiyah braille to users, including utilization of 
portable keyboard and microcontrollers to differentiate input characters, brailler display via audio recognition 
as well as translation of the holy Quran and its tajwid (recitation rule) into braille codes [19-21]. Factors such 
as works in real-time, light in weight, compact and portable for the consumer to use anywhere were 
considered important [22-24] and were adapted into all these braille modules. Further upgrades on Braille 
modules include wireless controlled Braille device via semiconductor and Bluetooth communications [2, 8]. 
By going wireless, the braille device becomes less bulky and portable; however the current braille devices 
with wireless technology utilize non-common software which makes it less appealing. This has thus become 
one of the motivations of our research work. 

In our previous work, we developed a mobile application to control the braille display of hijaiyah 
letters. The compact sized Arabic braille module was designed using miniature solenoids with Arduino Uno 
as microcontroller, with the aid of a Bluetooth module (HC-06) and open sourced mobile applications. 
The complete set-up of the Arabic braille module is as shown in Figure |. By programming the braille 
display to an android based smartphone, the instructor selects any Arabic letter, in which the input is passed 
to the Arduino microcontroller via a Bluetooth module. The microcontroller will next actuate the braille code 
of the module based on the selected alphabet at the teaching panel. Initial tests with six LEDs to represent the 
miniature solenoids showed that the mobile applications, powered by a Bluetooth module, accurately capable 
to represent raised dots of braille display [25]. 





Mobile Application Bluetooth Module Arduino Uno Braille Display 
(Android Device) (HC-06) (Microprocessor) (output) 


Figure 1. The complete set-up of arabic braille module 


In this paper, we highlight users’ responses when utilizing the wirelessly controlled braille device. 
Participants were required to touch and feel the patterns of the braille codes using their fingertip without 
looking at the braille module and identify associated hijatyah letters with the Arabic braille character 
provided on a piece of paper. 
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2. RESEARCH METHOD 

This research work was divided into parts, which are hardware configurations as well as 
psychophysical investigations. The hardware configurations include the configuration of braille module 
circuits and integration between the mobile applications and braille output from the miniature solenoids. 
The psychophysical investigations highlight the responses obtained from healthy participants in identifying 
the hijaiyah letters when touching the braille modules. 


2.1. Hardware Configurations 

Six DC solenoid valves were used as a mechanical actuator to actuate the braille module and 
operated on 5 Vdc — 12 Vdc power supply. The solenoid has two end sides; one side of the solenoid was 
connected to 5V of power supply while the other one connected to the collector of TIP120 transistor. 
The TIP120 transistor is used when Arduino is required to control high power components because Arduino 
can only control at most of 5 Vdc of component at a time. Thus, implementing the transistor in this circuitry 
will allow the Arduino to control the 5 Vdc solenoid of the braille module. 

Transistor was set up as a switch when the Arduino sends a high signal to the base leg of the 
transistor, current flowed from collector to emitter will produce a push-up response of the solenoid. A 220 QO 
resistor was placed in the middle of Arduino and transistor connection to prevent short circuit. Lastly, 
the emitter was connected to the ground of the circuit. The circuit was powered up using 7.4V battery. 

The complete braille display module as shown in Figure 2 is made up from a printed circuit board 
(PCB), a 3D-print frame and six solenoids actuator. The total of 27 basic Arabic has distinct Arabic braille 
code and was programmed using Arduino software. The arrangement of the solenoids was in 3 by 2 matrix 
resembled the braille code writing system and connected to different pin of the Arduino. The Arduino sends a 
high input signal “1” and a low input signal “0” to represent the “ON” and “OFF” of the solenoids 
respectively. 

Only five characters; | (alif), ¢ (khaa), U= (dhod), — (faa) and ¢ (yaa) were tested in the 
psychophysical test. The characters are as shown in Table 1. The mobile application controlled the braille 
display through Bluetooth communication. The input signal from the Bluetooth module and the output signal 
from the Arduino had been discussed in [8]. Each character is represented by different set of high and low 
output signals. For example, the Arduino execute an output signal of 1, 0, 0, 0, 0, O to pin A, B, C, D, E and F 
respectively when the Bluetooth module sent the number “10” representing ! (alif). 


Table 1. Five Braille Code for 





Psychophysical Test 
Braille Code Alphabet 
| 
Alif 
e s 
@ Yaa 
ee ¢ 
Khaa 
ee 
@ aa 
@ Faa 
@ 
e@ us 
& Dhod 
© 


Figure 2. Components of braille module system 


2.2. Psychophysical Investigations 

The psychophysical test was conducted on 10 healthy subjects (7 female and 3 male students) 
from Mechatronics Department of International Islamic University (IIUM) with an average age of 23. 
All subjects were medically stable and did not have any history of upper motor neuron condition. 
The subjects were capable to distinguish the up and down pattern of solenoid using stimuli at the fingertip. 
Pacemaker users and mental disorders people were excluded to undergo this psychophysical test because it 
might affect the accuracy of data collection. 
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The subject was requested to sit at rest with braille module on table at chest level like reading or 
writing position, as shown in Figure 3. The braille module was set in a box with a window at one side for the 
subject to place hand on the braille module. The braille module system was connected wirelessly with the 
teaching panel through Bluetooth. The teaching panel was placed opposite to the braille module so that it was 
hidden from subject’s vision to replicate the condition of visual impair for all healthy subjects. 





Figure 3. Positions of the braille device, teaching panel and Arabic braille code during the 
psychophysical test 


The subjects were divided into two groups, Group A and Group B with 5 persons per each group. 
The braille code of the tested Arabic character was introduced to the subjects from group A before the 
experiment was conducted and 100 seconds was given for familiarization of the pattern. Group B on the 
hand, was tested without prior knowledge on braille pattern. During experiment, each of the character was 
displayed for 20 seconds before the braille module was reset to default mode and the subjects need to identify 
the character within the time limit. The tested-braille code character was pasted on top of the box to facilitate 
the subjects with no prior in detecting the braille code. 


3. RESULTS AND ANALYSIS 

The aim of this psychophysical test was to evaluate the effectiveness and performances of the device 
by measure the precise detection of braille code by the subjects. The sample data for each group was 75 
samples (5 hijaiyah letters x 3 repetitions x 5 subjects). The total data sample collected was 150 for both 
Group A and Group B. Figure 4 shows the overall number of subjects that succeeded to detect the hijaiyah 
letters correctly based on trials of each group. 

The average total correct answer for Arabic braille code from Group A who had the prior knowledge 
on braille code was 72.9% (54 correct identification out of 75 samples) and 58.7% correct identification 
(44 correct response out of 75 samples) for Group B. When combined, the percentage of correct 
identification was 65.3%. 


m@ Alif 
walls 


8 Ohee 


a 


fel i mam 





Lat Trial tre Trial ira Trial Lat Trial trie Trial ire Trial 


Group #4 Group 6 


Figure 4. Histogram of correctly identified hijaiyah letters for a given braille input 
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A further analysis was done to observe individual responses when using the braille module. 
As shown in Figure 5, two persons from Group A scored the highest percentage of 80% (12 out of 15 trials) 
for correct identification. For Group B, three persons managed to obtain the highest percentage of correct 
identification of 67% (10 out of 15 trials). It could be deduced that although the subjects from Group A had 
familiarized with the braille module and perceived basic braille code knowledge beforehand, the advantage 
did not significantly affect the identification result. The response from Group B proved that a ‘new learner’ 
can also master the braille code too without prior knowledge. Thus, this Arabic braille module was relevant 
for a new comer to learn hiyaiyah braille alphabets because of clear and simple device system. 
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Figure 5. Histogram on correct identification by subject 


Another observation was done to determine which braille codes were more distinct than the others. 
As shown in Table 1, the hiaiyah braille letters were characterised by the number and position of the raised 
dots. From the users’ responses are as shown in Figure 6, the u* (dhod) and the — (faa) braille letters were 
the most distinguished braille codes, followed by the letter (yaa). The braille letters | (alif) and ¢ (khaa) 
were the least correctly identified letters. It was initially perceived that the more number of raised dots for the 
braille letters, the higher the probability of a person to correctly identify a letter. However, this was not the 
case for the letter ¢ (khaa), which has the same number of raised dots with v= (dhod) and — (faa). Further 
tests will be required to identify the reasons for these findings. 


Group A Group B 


Khaa 





Figure 6. Pie chart of correct identification based on hijaiyyah braille letters for group A and group B 


It is worth to note that the outcome of the psychophysical test may be affected by several factors. 
This was because the subjects of this test were not naturally blind or visually impaired person. 
The probability of the subjects having low tactile sensitivity was high as tactile was not the main stimuli and 
reflex in life. 

Besides, these subjects were not familiar to rely on tactile-based device. If the braille module was 
tested on the new learner of visually impaired person the result might be slightly different. Though both of 
the subjects were new learner of Arabic braille code, however the non-visually impaired subject might 
encounter a hard time to distinguish the pattern of the braille code due to inability to reconfirm the pattern 
with visual. The visually impaired people are used to depend on surrounding object while sighted people lean 
on visual appearance. Moreover, the methods of perceiving information between the non-visually impaired 
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people are also different from each other. Some person might use more tactile sense causing the tactile more 
sensitive than others. 

There might some issues on the design of the frame/body of the braille module. Exact features 
measurement of the solenoid was not given by the manufacturer and all measurement was done using ruler in 
centimeter unit by a person. The body of the solenoid can be measured using the ruler however, 
the measurement of the valve tube were not accurate since it was not in a fixed position. Hence, the model of 
the braille module was not perfectly fitted with the arrangement of the solenoids. In addition, the frame of the 
braille module was printed using 3D printer technology might had physically and mechanical properties 
defect. The difference in the roughness of material increases the rate of friction between the solenoids and the 
braille module leads to unstable movement of the solenoids’ valves. 


4. CONCLUSION 

A correct identification of 72.9% of the hijatyyah braille letters show that the developed Arabic 
braille module, integrated with an open sourced mobile aplications and wirelessly controlled is capable in 
facilitating teaching and learning of Hijaiyah braille letters. Apart from low cost, the module is compact and 
light in weight to make it handy and portable to use. Furthermore, the modular design of the braille module 
means that it could be used not only for Arabic braille alphabets, but for other different alphabets and 
numerals. To increase the percentage of correct identification of the braille letters, the design could be made 
more compact, with narrower gaps between the six raised dots (miniature solenoids). Additional 
psychophysical tests could be conducted to see the users’ responses to all hijaiyah braille letters to further 
conclude the percentage of correct identification. 
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